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The immune response against human immunodeficiency virus (HIV)
infection is a complex interplay between various components of the
immune system, with CD8+ T-cells occupying a central role in viral
control. This review critically examines the functionality of CD8+ T-cells
in HIV defense, highlighting their importance in controlling viral
replication, the evasion strategies employed by HIV, and the challenges
encountered in harnessing CD8-mediated immunity for therapeutic

purposes. We discuss the heterogeneity of CD8+ T-cell responses, the
mechanisms of viral escape, and the phenomenon of CD8+ T-cell
exhaustion. Additionally, recent advancements and controversies in the
field are addressed, along with future perspectives on enhancing CD8-
mediated immunity as a therapeutic strategy against HIV. This review
aims to provide a comprehensive understanding of the complexities
surrounding CD8+ T-cell functionality in HIV defense, paving the way for
further research and therapeutic developments in the fight against
HIV/AIDS.
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Introduction:-

Human immunodeficiency virus (HIV) infection remains a significant global health challenge, with approximately
38 million people living with HIV worldwide. Despite considerable progress in understanding the pathogenesis of
HIV and the development of antiretroviral therapy (ART), a cure for HIV infection remains elusive. The immune
response against HIV is intricate and multifaceted, involving various components of the immune system. Among
these, CD8+ T-cells play a crucial role in the recognition and elimination of virus-infected cells, making them key
players in HIV defense. CD8+ T-cells, also known as cytotoxic T-cells, are a subset of T lymphocytes that express
the CD8 receptor. Upon encountering HIV-infected cells, CD8+ T-cells recognize viral antigens presented on the
surface of infected cells in the context of major histocompatibility complex (MHC) class | molecules. This
recognition triggers a cascade of effector functions aimed at eliminating the infected cells and controlling viral
replication. CD8+ T-cells exert their antiviral activity through mechanisms such as secretion of cytotoxic molecules
(e.g., perforin and granzymes) and release of cytokines (e.g., interferon-gamma) that inhibit viral replication.?®

The ability of CD8+ T-cells to control HIV replication is exemplified by elite controllers, a rare subset of
individuals who maintain undetectable viral loads without ART. In these individuals, robust and polyfunctional
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CD8+ T-cell responses effectively suppress viral replication, highlighting the importance of CD8-mediated
immunity in HIV control. However, the majority of individuals infected with HIV experience progressive CD8+ T-
cell dysfunction and exhaustion, characterized by impaired effector functions and upregulation of inhibitory
receptors such as PD-1, Tim-3, and CTLA-4. Despite their critical role in HIV defense, CD8+ T-cell responses are
often thwarted by immune evasion mechanisms employed by HIV. The virus rapidly mutates, leading to the
generation of escape variants that evade CD8+ T-cell recognition. Additionally, HIV employs various strategies to
downregulate MHC class | molecules on infected cells, thereby reducing their susceptibility to CD8+ T-cell-
mediated killing. Moreover, chronic immune activation and inflammation contribute to CD8+ T-cell exhaustion,
further compromising their antiviral efficacy.?6-4

In recent years, there has been growing interest in harnessing CD8+ T-cell responses for HIV immunotherapy.
Strategies aimed at reinvigorating exhausted CD8+ T-cells, such as immune checkpoint blockade and therapeutic
vaccination, hold promise for enhancing antiviral immunity and achieving sustained viral remission in HIV -infected
individuals. However, several challenges need to be addressed, including the identification of optimal
immunotherapeutic targets, the mitigation of potential adverse effects, and the development of strategies to
overcome viral escape. This review critically evaluates the current understanding of CD8+ T-cell functionality in
HIV defense, emphasizing the complexities and challenges associated with harnessing CD8-mediated immunity for
therapeutic interventions against HIV infection.

CD8+ T-cell Responses to HIV

Upon HIV infection, CD8+ T-cells play a pivotal role in orchestrating the immune response against the virus. The
initial phase of the CD8+ T-cell response is characterized by activation and expansion, triggered by the recognition
of viral antigens presented on the surface of infected cells. Antigen recognition occurs through the interaction
between the T-cell receptor (TCR) on CD8+ T-cells and viral peptides presented in the context of major
histocompatibility complex class I (MHC-1) molecules on the surface of infected cells. This recognition leads to the
activation of CD8+ T-cells and their differentiation into effector cells primed for antiviral activity. Effector CD8+ T-
cells exert their antiviral effects through various mechanisms aimed at eliminating HIV-infected cells and
controlling viral replication. One of the primary mechanisms is the secretion of cytotoxic molecules such as perforin
and granzymes, which induce apoptosis in infected cells. Additionally, CD8+ T-cells release cytokines, including
interferon-gamma (IFN-y), tumor necrosis factor-alpha (TNF-0), and interleukin-2 (IL-2), which have direct
antiviral effects and contribute to the recruitment and activation of other immune cells.*¢-6

The importance of CD8+ T-cells in controlling HIV replication is evident from studies of elite controllers, a rare
subset of HIV-infected individuals who maintain undetectable viral loads without antiretroviral therapy (ART). Elite
controllers exhibit robust and polyfunctional CD8+ T-cell responses characterized by the production of multiple
cytokines and the ability to recognize a broad range of viral epitopes. These potent CD8+ T-cell responses
effectively suppress viral replication and contribute to the long-term control of HIV infection in these individuals. In
addition to their effector functions, CD8+ T-cells also differentiate into memory cells that persist long-term and
confer protection against reinfection. Memory CD8+ T-cells can rapidly respond to re-exposure to HIV by
undergoing rapid proliferation and differentiation into effector cells, thereby providing a secondary line of defense
against the virus. The generation and maintenance of memory CD8+ T-cell responses are critical for establishing
durable immunity and preventing HIV disease progression. However, despite their crucial role in HIV defense,
CD8+ T-cell responses are not always sufficient to control viral replication. HIV has evolved multiple mechanisms
to evade CD8+ T-cell recognition and elimination. These include the rapid mutation of viral epitopes to escape
CD8+ T-cell recognition, downregulation of MHC-1 molecules on infected cells, and the induction of CD8+ T-cell
exhaustion through chronic antigen exposure and immune activation. Understanding the dynamics of CD8+ T-cell
responses to HIV and the mechanisms of viral evasion is essential for the development of novel immunotherapeutic
strategies aimed at enhancing CD8+ T-cell-mediated immunity and achieving sustained viral remission in HIV-
infected individuals.56-%

Immune Evasion Mechanisms Employed by HIV

Human immunodeficiency virus (HIV) has evolved sophisticated strategies to evade immune surveillance and
persist within the host, contributing to the chronic nature of HIV infection and the challenges associated with
achieving viral eradication. Among the most notable immune evasion mechanisms employed by HIV are those
aimed at subverting CD8+ T-cell-mediated immune responses, which play a central role in antiviral immunity. One
of the primary mechanisms by which HIV evades CD8+ T-cell recognition is through the generation of escape
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mutations within viral epitopes targeted by CD8+ T-cells. HIV is characterized by a high mutation rate and genetic
diversity, allowing the virus to rapidly adapt to selective pressure exerted by the host immune response. Escape
mutations within epitopes presented on major histocompatibility complex class I (MHC-1) molecules impair CD8+
T-cell recognition, thereby enabling infected cells to evade immune detection and elimination. HIV has evolved
mechanisms to downregulate the expression of MHC-I molecules on the surface of infected cells, thereby reducing
their susceptibility to CD8+ T-cell-mediated killing. The viral protein Nef, for example, can interfere with the
intracellular trafficking of MHC-1 molecules, leading to their retention within the endoplasmic reticulum and
subsequent degradation. As a result, infected cells display reduced levels of MHC-I molecules on their surface,
limiting the recognition of infected cells by CD8+ T-cells.86-102

Chronic antigen exposure and persistent immune activation during HIV infection can lead to the functional
impairment of CD8+ T-cells, a state known as exhaustion. Exhausted CD8+ T-cells exhibit reduced effector
functions, including cytokine production and cytotoxic activity, and upregulate inhibitory receptors such as PD-1,
Tim-3, and CTLA-4. These inhibitory receptors dampen CD8+ T-cell responses and contribute to the ineffective
control of viral replication, facilitating viral persistence within the host. HIV can establish long-lived reservoirs of
latently infected cells, which serve as a sanctuary for the virus and contribute to viral persistence despite effective
antiretroviral therapy (ART). Latently infected cells harbor transcriptionally silent proviral DNA and are not
recognized or targeted by the immune system, including CD8+ T-cells. Reactivation of latent virus from reservoirs
represents a significant barrier to viral eradication efforts and highlights the need for novel therapeutic strategies to
eliminate latently infected cells.03-104

Challenges in Harnessing CD8-Mediated Immunity for HIV Therapy

Harnessing CD8+ T-cell-mediated immunity for therapeutic interventions against HIV infection presents several
challenges, reflecting the complex interplay between the virus and the host immune response.% Despite the critical
role of CD8+ T-cells in controlling viral replication, achieving durable and effective CD8-mediated immune control
of HIV remains a formidable task. Chronic antigen exposure during HIV infection can lead to the functional
exhaustion of CD8+ T-cells, characterized by impaired effector functions and upregulation of inhibitory receptors
such as PD-1, Tim-3, and CTLA-4. Exhausted CD8+ T-cells exhibit reduced cytotoxic activity and cytokine
production, compromising their ability to control viral replication. Reversing CD8+ T-cell exhaustion and restoring
their effector functions represent significant challenges in harnessing CD8-mediated immunity for HIV therapy.
HIV rapidly mutates in response to selective pressure exerted by the host immune response, leading to the
generation of viral escape mutations within CD8+ T-cell epitopes. These escape mutations enable the virus to evade
CD8+ T-cell recognition and elimination, undermining the efficacy of CD8-mediated immune control. Strategies
aimed at targeting conserved regions of the viral genome and minimizing the emergence of escape mutations are
needed to enhance the effectiveness of CD8+ T-cell-based therapies.

HIV can establish long-lived reservoirs of latently infected cells, which are not recognized or targeted by CD8+ T-
cells.% These reservoirs represent a major barrier to viral eradication and can lead to viral rebound upon cessation
of antiretroviral therapy (ART). Developing strategies to eliminate latently infected cells and reduce the size of the
viral reservoir is crucial for achieving sustained viral remission and functional cure in HIV-infected individuals.
Host factors, such as genetic variability and immune dysfunction, can influence the efficacy of CD8+ T-cell-
mediated immunity against HIV. Variations in human leukocyte antigen (HLA) alleles can affect the presentation of
viral epitopes and the magnitude of CD8+ T-cell responses. Additionally, comorbidities such as chronic
inflammation and coinfections can impair CD8+ T-cell function and compromise immune control of HIV.
Understanding the impact of host factors on CD8-mediated immunity and developing personalized therapeutic
approaches are essential for optimizing HIV therapy. Various immunotherapeutic strategies aimed at enhancing
CD8+ T-cell responses against HIV are under investigation, including immune checkpoint blockade, therapeutic
vaccination, and adoptive cell transfer. However, optimizing the efficacy, safety, and durability of these approaches
remains a challenge. Strategies to enhance the specificity and potency of CD8+ T-cell responses while minimizing
off-target effects and immune-related toxicities are needed to maximize the therapeutic potential of CD8-mediated
immunity for HIV therapy.

Conclusion:-

The complexities surrounding the harnessing of CD8+ T-cell-mediated immunity for therapeutic interventions
against HIV infection underscore the formidable challenges that need to be addressed to achieve durable and
effective viral control. Despite the critical role of CD8+ T-cells in antiviral immunity, the persistence of HIV within
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the host and the evolving nature of the virus necessitate innovative approaches to overcome immune evasion
mechanisms and enhance CD8-mediated immune responses. The phenomenon of CD8+ T-cell exhaustion represents
a significant barrier to achieving sustained viral remission, highlighting the need for strategies to reverse exhaustion
and restore the effector functions of CD8+ T-cells. Moreover, the emergence of viral escape mutations within CD8+
T-cell epitopes poses challenges to the development of vaccines and immunotherapies aimed at eliciting broad and
durable immune responses against HIV.

Host factors and immune dysfunction also play critical roles in shaping CD8+ T-cell responses against HIV and
need to be considered in the development of personalized therapeutic approaches. Optimization of
immunotherapeutic strategies, including immune checkpoint blockade, therapeutic vaccination, and adoptive cell
transfer, is crucial for maximizing the therapeutic potential of CD8-mediated immunity and overcoming immune
evasion mechanisms employed by HIV.
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